Researchers have widely investigated how interventions by means of training can improve manual behaviors in infants. However, no systematic review has been found on this topic.
INTRODUCTION

Authors summary
Why was this study done? This is the first systematic review that addresses the methodological quality of clinical trials that investigated the effects of different trainings of early manual behaviors. This review can be used as a guide for decision-making on stimulation or sensorimotor intervention strategies focused on manual behaviors in the first months of life.
What did the researchers do and find?
Main methodological characteristics and findings of clinical trials that examined the effects of different types of manual behavior trainings in typical and at-risk infants up to 18 months of age were detailed. The quality of evidence from these studies was classified and discussed, and recommendations for clinical practice were finally provided. Studies that used active task-specific training presented high quality of evidence, while training using sticky mittens or contingent reinforcement approaches presented moderate or poor quality. What do these findings mean? Since outcomes from task-specific training are likely to present high internal validity and excellent level of evidence, this approach is best recommended for clinical practice if one aims to stimulate and improve reaching in typical and premature infants at the emergence of this skill.
Infants are able to interact with objects since the first days of life 1 . Gradually, by means of spontaneous practice over days and months, infants become skilled in reaching, grasping and exploring objects. These early object-directed manual behaviors are essential motor milestones as they allow infants to gather new information about the environment and learn further motor strategies from that [2] [3] [4] .
Due to developmental importance of these manual behaviors, researchers have widely investigated how interventions by means of induced practice (training) could improve them in infants. Several training approaches have been addressed in literature, including the "sticky mittens" paradigm, task-specific training, or contingent reinforcement. In the "sticky mittens" paradigm, 3-month-old infants were seated on a parent's lap in front of a table, on which Velcro covered toys are placed. As infants wore Velcro covered mittens and were encouraged to reach for the toys, the toys adhered to the mittens as if the infants had grasped them [5] [6] [7] . During taskspecific trainings, pre-reaching infants were induced to repeat toy-oriented arm movements organized in steps of activities. Activities included haptic contact with the toy and assisted and active toy-oriented hand movements [8] [9] [10] . In the contingent reinforcement approach, 3-month-old infants were exposed to moving/sounding toys or a mobile which could be activated contingently upon infants' upper limb actions 11 .
These movement experiences have been used as induced trainings to advance or enhance the amount and duration of object-directed manual behaviors in typically developing infants and at-risk infants over 1-2 brief-term sessions or daily sessions. In general, authors have suggested these trainings provide infants with opportunities to improve upper limb control 8, 9, 11 , select more efficient movement patterns 6, 8, 9, 11 , become motivated and engaged 10, 12 , and learn to couple object perception and movement action 6, 10 . These trainings, therefore, can be considered interesting tools to potentiate early manual development in typical infants and to prevent or minimize manual impairment in infants at risk for developmental disorders during early intervention practice.
Despite the relevance of this topic, only one article has characterized and discussed studies related to training for upper extremity behaviors in infancy 13 . No systematic review has been found on this topic. Therefore, this article systematically reviewed studies that used training of objectdirected manual behaviors to advance their acquisition or improve their development in infants over the first year and half of life. Its purpose was to identify the studies methodological characteristics and analyze their quality of evidence considering methodological quality and level of evidence by type of study.
METHODS
Definition of the research questions
The following questions guided this review: 1) Which methodological aspects the studies have been using to examine the influence of trainings of object-directed manual behaviors in infants? 2) What have these studies found?
3) What is the quality of evidence on the effects of those trainings?
Inclusion criteria
Clinical trials that assessed the efficacy of manual object-directed training were included. The World Health Organization 14 defines clinical trial as a research study that assess the effects of health-related interventions using human participants. For this review, non-randomized, randomized or quasi-randomized clinical trials with at least one control group were included. At least one object-directed manual behavior (reaching, grasping, or object exploration) should be an outcome variable. The target population was infants from 0 to 18 months of age with typical development, at risk or with established diagnosis of developmental disorders. The studies should have been published up to February 2018, in English. All of the criteria needed to be met for inclusion in this review.
Exclusion criteria
Studies were excluded if/in case of: 1) at least one manual behavior was not an outcome variable; 2) no manual behaviors were trained; 3) animal studies; 4) project reports, review articles or case studies.
Search strategy
The articles were selected from the following electronic databases: National Library of Medicine (PubMed/ MEDLINE), Latin American and Caribbean Health Sciences (LILACS), Virtual Health Library (BIREME/BVS), Science Direct, SciELO, and Physiotherapy Evidence Database (PEDro). The search employed keywords and Pubmed medical subject headings (MeSHs) terms, combined by the Boolean operators AND and OR: reaching, grasping, exploration, training, intervention, practice, learning, motor skills, infant, movement, hands, movement training. In addition, the reference list of the selected studies were used to retrieve potential articles. Each reviewer conducted the search several times to avoid losing articles and the final search was on March 2018.
Selection and data extraction
Two independent reviewers worked on the searches and initial selection of the articles. The reviewers selected articles based on their titles, excluding duplicate articles and those that clearly were not related to the review subject. After reading the abstracts and the entire articles independently, the reviewers discussed together, reached a consensus and determined a final selection. A third reviewer was consulted when necessary. The Cochrane Collaboration Model 15 was adapted to extract bibliographical data from best evidence that considers mainly the type of the study methodological design (eg.: cohort study, systematic review, randomized trial, etc.). The studies can be classified within a hierarchy of levels of evidence (1a, 1b, 1c, 2a, 2b, 2c, 3a, 3b, 4, 5) and grades of recommendation (A, B, C, D). Level 1 studies, the best level of evidence, present grade of recommendation A; level 2 or 3 studies present grade of recommendation B; level 4 studies present grade of recommendation C; and level 5 studies present grade of recommendation D. Therefore, studies with evidence level 1 and grade of recommendation A present the best evidence. For this review, only the two possible levels of evidence for clinical trials (1b and 2b) were considered as only clinical trials were included. Individual randomized controlled trials with narrow Confidence Interval were classified as level 1b; low quality clinical trials (e.g., <80% follow-up, non-randomized) were classified as level 2b. In these cases, the grades of recommendation could be A (consistent level 1 studies) or B (consistent level 2 studies). Three examiners (authors) reached 100% agreement regarding the classifications.
RESULTS
The electronic search found 367 potential articles, all published in English. Initially, 82 articles were selected based on their titles and 25 studies were added from their references lists, thus totaling 107 articles. The abstracts were read and 85 articles were excluded for the following reasons: manual behaviors were not outcome variables (n=20), manual behaviors were not trained (n=29), infants' age over 18 months (n=4), animal studies (n=3), project reports, review articles or case studies (n=14); two or more of these criteria (n=15). Hence, 22 articles were read in full. Of these, 1 was excluded because the outcome measure was the infant's brain response during the training. After the final selection, 21 articles were included. The most recent study was published in February 2017. Seventeen studies were carried out in the United States and 6 in Brazil (Table 1) . the included articles. Data consisted of methodological characteristics of the studies and the results of training.
Assessment of the quality of evidence
The methodological quality of the studies was assessed using the PEDro scale [16] [17] [18] . The scale consists of a checklist of scored dichotomous (yes or no) questions/ criteria that predict bias. It guides users to trials that are more likely to be valid (internal validity) and to contain sufficient information to base clinical practice. The following criterion comprise the scale: 1) Subjects were randomly allocated to groups (quasi-randomized allocation does not satisfy this criterion), 2) Allocation was concealed; 3) Groups were similar at baseline regarding the most important prognostic indicators; 4) There was blinding of all subjects; 5) There was blinding of all persons who administered the intervention; 6) There was blinding of all assessor who measured at least one key outcome; 7) Measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups; 8) All subjects for whom outcome measures were available received the treatment or control condition as allocated or, where this was not the case, data for at least one key outcome was analyzed by "intention to treat", 9) The results of betweengroup statistical comparisons are reported for at least one key outcome; 10) The study provides both point measures and measures of variability for at least one key outcome. Each criterion is awarded with 1 (yes) or 0 (no). Thus, the PEDro score is out of 10. Points are only awarded when a criterion is clearly satisfied. The methodological quality of each study was classified as "high" (6-10 points), "fair" (4-5 points), or "poor" (below 4 points). Three examiners (authors) applied the scale together and reached 100% agreement regarding the studies scoring in each criterion.
In addition, the studies were analyzed using the Oxford Centre for Evidence-Based Medicine's (CEBM) Levels of Evidence 19 . The tool was designed so that it can be used as short-cut for clinicians, researchers and patients with limited time. It consists of a hierarchy of the likely Ten of the included studies could be characterized as randomized controlled trials. Sixteen studies investigated only typically developing full-term infants. Their sample sizes ranged from 16 20 to 90 21 . Other 5 studies included infants at risk for developmental disorders: three studies with preterm infants with less than 34 weeks of gestation and low birth weight, with sample size from 16 to 39 9,20,22 ; one study with 32 late preterm infants (34 a 36 6/7 weeks of gestation) with adequate birth weight 10 ; and one study with 17 infants with familiar history (high risk) for autism spectrum disorders (ASD) mostly born full-term 5 . This latter study included 72 additional infants from previous research. Infants' age ranged from around 2 to 15 months (Table 1) . Guimarães Table 1 : Data extracted from the included articles. Sample, infants' characteristics, study design and country.
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Country Table 2 shows data on studied manual behaviors and main methodological procedures. The studies addressed 3 types of early object-directed manual behaviors: reaching, grasping (holding), and object manual exploration. Although some studies did not label their dependent measures as "reaching", we considered them as reaches (or pre-reaches) because they were characterized as the movement of one or both hands towards a toy in an attempt to obtain it 23 . Reaching was assessed in 17 studies as a dependent measure. Infants were mostly assessed and trained seated. The studies predominantly used similar toys for assessments and training. However, most of the studies did not provide complete information on the physical characteristics (color, texture, size, rigidity and type of material) of the toys used as stimulus ( Table 2) .
All 21 studies presented at least one assessment after training (post-training). However, only 5 studies 8, 10, [24] [25] [26] presented at least one retention measure (after the posttraining) or weekly follow-up assessments during or after the training weeks. Most of the studies analyzed the infants' behaviors using video recording (Table 3 ). In 12 studies, training was administered by the researcher; in 9 studies training was administered by parents/caregivers. As to training duration, the protocols were constituted of daily practice of 10-20 minutes over 2-8 weeks; single 3-10 minutes session of practice; or 3 sessions of 4-minute practice divided in two consecutive days. The protocols varied from daily practice throughout weeks to a single session. Velcro covered mittens (sticky mittens paradigm) were used to train infants in most of the studies (n = 11). The other studies trained infants by means of task-specific training in itself without mittens (n = 8) or contingent reinforcement (n = 2) ( Table 3) . Table 3 shows the outcomes of the studies. In summary, increased reaching, grasping and exploratory activity were found after daily training over 2 weeks and single-session training of 3-10 minutes using the sticky mittens paradigm. Task-specific training resulted in improved reaching performance after daily sessions over 2-8 weeks and single session training of 4-5 minutes. Contingent reinforcement leaded to improvements in reaching after daily training over 2 weeks and single session training of 9 minutes. Table 4 presents the methodological quality of the studies classified using the PEDro scale and the Oxford (CEBM) Levels of Evidence. Three studies 10, 22, 26 presented high methodological quality and level of evidence 1b (grade of recommendation A) ( Table 4 ). 
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Task-specific training of reaching (sequences of activities)
Only G2 showed increased number of total reaches and bimanual reaches after practice; this increase was not maintained in the retention test performed one day later. Sticky mittens paradigm G1 presented greater object exploration percentages than G2. Table 3 : Main training approaches and outcomes related to the studied manual behaviors.
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HR, high-risk infants; LR, low-risk infants. 
DISCUSSION
This systematic review examined articles that investigated the effects of training on object-directed manual behaviors in typically developing infants and at-risk infants in the first 18 months of life. All studies reported enhancement of object-directed manual behaviors as a result of active experience exploring Velcro covered objects with Velcro covered mittens, task-specific experience in itself, or contingent reinforcement. All studies with high methodological quality and best level of evidence used task-specific training.
Which methodological aspects the studies have been using to examine the influence of trainings of object-directed manual behaviors in infants?
Few studies included infants at risk for developmental disorders 5, 9, 10, 20, 22 . They addressed infants born preterm or at risk for ASD. Studies with established disorders which potentially hamper early manual function, such as Down syndrome or cerebral palsy, are lacking. This is not surprising as learning mechanisms need to first be tested in typically developing infants before atypical samples. However, we highlight the essential importance of promoting further research on early interventions for manual behaviors in those population with established disorders.
Among the studied manual behaviors, reaching was the most assessed and trained one. Most of the studies started the training before or within a few days after reaching onset, thus minimizing the influence of spontaneous practice as a confounding factor that could bias the outcomes. On the other hand, some studies did not report on the infants' skill level [21] [22] [23] 27 , which makes it more difficult to conclude on how much the training improved reaching regardless of the influence of spontaneous practice. Future studies must be attentive to this issue.
Another important issue is that most of the studies did not report the size of the toys used as stimulus. In addition, two studies did not provide specific information or at least illustration on the main physical characteristics (color, texture, rigidity, type of material) of the toys 24, 28 . Such characteristics should be always clear as they may influence the outcomes of the studies. For example, malleable toys can produce more reaches than rigid ones, whilst big rigid toys can produce more bimanual than unimanual reaches 29 . Considering studies that have found influence of the physical properties of objects on manual skills in infants 29, 30 , reporting a maximum of physical characteristics of the used toys in the studies are of essential relevance to allow methodological replications in other research and clinical practice.
As to assessments, only few studies included at least one retention test or follow-up assessments after the first post-training assessment 8, 10, 24, 26 . This hampers the conclusions that could be drawn on the duration of observed effects of training, since it is not possible to evidence whether initial changes in motor behavior were only immediate or more long lasting.
Training was predominantly administered by parents. Parents were trained, monitored and could consult with the researchers about questions regarding the execution of the training protocol. When the training is administered by the researcher, the chance of experimental error is minimized; however, the infant may not respond naturally to the intervention administered by an unfamiliar person. Training administration by parents may be more natural for infants and more convenient for researchers; however, in this case there is more risk of error during the procedure as parents could offer excessive stimuli to the infant, for example. Despite this point of view, it is valuable that studies investigate trainings that can be easily administered by parents and caregivers so that they can apply the intervention at home without difficulties. This is especially important because some at-risk infants do not qualify for professional assistance in early intervention programs due to their clinical similarities to health infants at birth 31, 32 .
What have these studies found?
All training protocols were based on the repetition of a set of hand movements towards toys offered on a table or at the infants' trunk midline. The protocols varied from daily practice throughout weeks (long-term) [5] [6] [7] 9, 11, 24, 26, 28, 33 to single session practice (short-term) 8, 10, [22] [23] [24] [25] 27, 34, 35 .
Velcro covered mittens (sticky mittens paradigm) were used during training in most of the studies 5, 7, 10, 21, 24, 25, 36, 37 . Infants wore Velcro covered mittens and were offered Velcro covered toys on a table. As infants moved their arm while wearing the mittens, the toy could easily adhere to the mittens, thus providing opportunities for infants to "grasp" the toys before acquiring this skill. In these studies, training was based on the active or passive (observation) repetition of toy-mitten sticking. Ten minutes of daily active training over 2 weeks benefited the number of reaches and grasps and favored the interest to explore objects and start contacting them in pre-reaching typically developing infants 6, 24, 33, 36 . Two to 10 minutes of the training in a single session 21, 27, 35 or 3 sessions 25 improved the infants' engagement contacting toys manually during the active training with the mittens. The studies also suggested that the observed effects in typically developing infants can last 2 to 12 months after training ceases 11, 24 . One sole study used the sticky mittens paradigm in at-risk infants. Daily 10 minutes of the active training over 2 weeks benefited grasping activity in infants at familial history (high risk) for ASD 5 . One study found no clear advantage of daily 10-minute training with open-fingers sticky mittens over 2 weeks in prereaching typically developing infants and concluded that providing opportunities for infants to repeat active handtoy interaction is possibly enough to enhance reaching regardless of the toy-mitten sticking provision 7 .
In most of the other studies, training was based on the repetition of active hand-toy interaction in itself (task-specific experience), mostly in the supine position. In general, these trainings were organized in sequential steps of activities essentially constituted by presentation of the toy and the infant's hand at his/her visual field for a few seconds, assistance of the infant's hand movement to his/her midline to touch the toy, and offering the infant opportunities to reach actively for the toy over some minutes. Two weeks of this daily training for 20 minutes followed by active manual and oral exploration of toys with varied texture, sizes and rigidity advanced the emergence of reaching and increased the number of hand-toy contacts in 2 month-old typically developing infant 35 . In addition, 3 weeks of 10-15 passive toyoriented reaches followed by 5 minutes of active toy-oriented reaching enhanced reaching with more functional behaviors (with open hand and hand closer to the toy) in 2 month-old typically developing infants 26 . In pre-reaching preterm infants born with less than 33 weeks of gestation and low birth weight (<2500g), daily training during 15-20 minute over 4 weeks leaded to more reaches than untrained controls after 4 weeks 9 .
Infants also received task-specific training in steps of activities during a single session. The activities were constituted by assisted and active hand-toy contact at the infant's midline, tactile stimulation of the infant's upper limb with the toy, followed by offering the infant opportunities to perform toy-oriented reaching actively for some minutes, in the reclined seated position. In typically developing infants, 4-5 minutes of the training in a single session resulted in more functional behaviors to reach 8, 34, 37 . These effects were likely to be specific to body position when infants were trained in the reclined position; on the other hand, when infants were trained in supine, the effects were found in both supine and reclined positions 34 . In newly reaching preterm infants born from 30 to 36 6/7 weeks of gestation, a similar training applied in a serial sequence of activates resulted in immediate increase in the number of reaches, mainly bimanual reaches 10 , and in the amount of motor strategies to gain success in reaching and pre-grasping attempts 10, 20, 22 . The effects of these brief-term trainings, however, seem to be only temporary as they were not maintained in the following day after the session, at least in the preterm infants 10 . Hence, whilst task-specific adaptations in manual behavior start and can be observed in the initial minutes of motor experience 10 , long-term training is required for long lasting adaptations 10 .
The other approach used to train infants' manual behavior was contingent reinforcement, in which infants were induced to notice the consequences their upper limbs' actions have on nearby objects by means of a mobile 12 or moving/sounding toys 11 . Active training moving a mobile with the arm during a single session of 9 minutes benefited the number of hand-toy contacts in pre-reaching typically developing infants 12 . Three-month-old infants' hand-toy contacts were also benefited from a daily 10-minute training actively boosting a sounding and moving toy with the hand over 2 weeks 11 .
Overall, the studies have suggested offering opportunities for infants to self-produce toy-oriented movements potentiates their ability to learn from the sensory properties of the objects and the biomechanical strategies than can be adopted by their upper limbs for manual action. As a result, infants seem to become more engaged and improve perception on objects and motor control to move the hands toward the toys to attempt to touch and explore them.
What is the quality of evidence on the effects of those trainings?
Considering the PEDro scale, the majority of the studies presented fair methodological quality 7, 8, 11, 12, 21, 24, 25, 27, 34, 37 . They especially failed on reporting or performing two or three key criteria required for avoiding biased outcomes: randomization, allocation concealment, and blinding of outcome assessors. Proper randomization in clinical trials ensures that subjects in groups are systematically equal, which avoids biased results due to the influence of imbalance of covariates 38 . In addition, allocation concealment and blinding of outcome assessors ensure that researchers and participants do not know to which group subjects were assigned and therefore avoid selection and measurement biases that tend to overestimate treatment effects 38, 39 . As a general consequence, treatment groups may have been systematically different in those studies and their results may be biased. On the other hand, among those studies with fair methodological quality, seven studies 8, 9, 11, 24, 27, 28, 35 presented level of evidence 1b, grade of recommendation A, which represents the clinical trials with best quality according to the Oxford CEBM Levels of Evidence. These differences between the tools classifications occur because the PEDro scale evaluates the reporting and performance of several methodological criteria that allow appraising the study internal validity, as mentioned earlier, whilst the Oxford CEBM Levels of Evidence was designed for rapid appraisals and considers the study design type as the main criteria to classify the likely best evidence. Therefore, considering both classifications is important to a more definitive judgment of the quality of evidence in clinical decision-making.
In this sense, we highlight the three randomized controlled trials that used task-specific active training and presented not only high methodological quality (PEDro scale) but also the best level of evidence (Oxford CEBM Levels of Evidence) 10, 22, 26 . Their results are likely to be valid for clinical practice. In these studies, which presented background from Physical Therapy, training was administered to preterm infants in a single 4-5 minute session 10, 22 or to typically developing infants in a daily 10-minute basis over 2 weeks 26 . This latter protocol could be recommended by clinicians when the intention is to use stimulating play in daily life to improve reaching and object exploration in typically developing infants as health promotion strategy. When the intention is to benefit reaching behavior in preterm infants, clinicians could use the brief-term training protocol as part of a session of early intervention practice.
The studies with fair or poor methodological quality [5] [6] [7] [8] [9] 11, 20, 24, 27, [25] [26] [27] [28] [29] [30] [31] [32] [33] 35 and/or level of evidence "2b", degree of recommendation "B", [5] [6] [7] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] , addressed the three approaches discussed earlier -sticky mittens paradigm, task-specific training, and contingent reinforcement -, but most of them used the sticky mittens paradigm. It calls attention that none of the studies using the sticky mittens paradigm scored highly in the methodological quality. Considering their background from Psychology, it is possible that these studies were not directly intended to guide intervention for clinical practice and therefore researchers may not have engaged in a full clinical trial standard. They were predominantly non randomized controlled trials. Despite of this, it is valid to observe the high degree of agreement between these studies outcomes, with almost all showing some benefit of the training for manual behaviors. This may suggest some consistence in the effectiveness of their manipulation.
Overall, this systematic review shows there is strong evidence for the effectiveness of training for object-direct manual behaviors, specially reaching. It is important to caution readers that the PEDro scale and the Oxford CEBM Levels of Evidence should not be used as a measure of the validity of the study conclusions as they do not judge, for instance, whether the study results are clinically important. However, this review suggests that future studies report more detailed and clear information of their methods and try to follow methodological standard criterion known for reducing bias.
Recommendations for clinical practice and future research
The outcomes of the studies with high methodological quality are likely to present high internal validity and excellent level of evidence to guide clinical practice. Therefore, considering their main methodological settings (infant, therapist and toy position; type of activities), intervention to stimulate and improve early manual behaviors should be constituted by these basic points:
(1) infants placed supine, reclined on the therapist's thighs (both face-to-face), or seated in a baby seat slightly reclined; (2) toy offered in the infant's midline at an arm-length distance; (3) repetition of assisted and active hand and arm movements towards the toy; (4) tactile stimulation of infants' upper limbs; (5) active upper limb movements towards the toy.
The expected effects may be: a) more functional hand shape and position to act upon small toys, and b) increased number and time of hand-toy exploration. Such effects can be temporary (intra-session) or more lasting and seem to result from improvement of motor control, selection of more efficient movement patterns, intrinsic motivation and better perceptual and motor coupling.
We stress the lack of studies addressing infants with established diagnoses of developmental dysfunction, such as Down syndrome and cerebral palsy. Considering these conditions affect early manual behavior and have impaired a growing population of children worldwide 40, 41 addressing them in future research on this topic will be of valuable importance for clinical practice. In addition, as the majority of the studies did not use or report basic methodological criteria known to reduce biased results (eg.: randomization, allocation concealment), we recommend researchers engage in high quality standards for clinical trials in future studies. To allow proper replication, it is also important to provide detailed information on the objects used as stimuli during training. Moreover, as few studies performed follow-up tests, future studies could include at least one additional assessment after post-training.
CONCLUSION
There is high quality evidence for the benefits of task-specific training for improving manual behaviors in typically developing infants and preterm infants in the first 2-4 months of life. Additional randomized controlled trials that use high methodological standards to minimize bias may help to endorse or refute the studies findings.
